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The Higgs boson is a scalar particle, regulates the EWSB mechanism, and it couples with:
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The Higgs boson is a scalar particle, regulates the EWSB mechanism, and it couples with:
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The Higgs boson is a scalar particle, regulates the EWSB mechanism, and it couples with:
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The Higgs sector atthe LHC

In 2015 LHC started the Run Il phase, opening the doors for the precision physics era,
with the goal of precision measurements of the Higgs boson couplings

0 0000 O (5= 13 Tev_§§j The large statistics and combination of different decay
;% -z channels provide comprehensive assessment of

T | 7 H boson properties:

[ E

% RS : Production and decay rates

pp — WH (NNLO QCD + NLO EW)

1 lbp ZH (NNLO QCD + NLO EW)
\
= pp — ttH (NLO QCD + NLO EW)

- = — — ———— .

| PP~ bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

Higgs boson self coupling

EFT interpretations in STXS

107'%

1

i_ | | | | | | | | | | I | | | | | | | | —r
120 122 124 126 128 130 : .
M, [GeV] Results from partial Run-1l CMS Combination shown
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https://arxiv.org/pdf/2002.06398.pdf

The input analyses

Decay channel Luminosity (fb-1)

H — yy 77 v v v

H — 77% — 47 137 v v Vv v
H—- WW 36 v v v

H — bb 36 (ggH) - 77 (others) v v v
H— 77 77 v v v

ttH multilepton 77 v

H — uu 36 v v

CMS-HIG-19-005 7



https://cds.cern.ch/record/2706103

The input analyses

Decay channel

Luminosity (fb-1)

H — yy
H—- Z7*% - 47
H—-> WW 36
H — bb 36 (ggH) - 77 (others)
H— 77 77
ttH multilepton 77
36

Reterences in Backup

Partial Run-Il dataset(s),
yet comprehensive study of the
H boson properties.

Currently working on
full Run-Il combination

CMS-HIG-19-005



https://cds.cern.ch/record/2706103

Signal strength modifiers

Scaling of production (i) or decay (f) of the SM Higgs boson as:

The combined signal strength modifier is measured to be

u = 1.02 = 0.04(th) = 0.04(exp) = 0.04(stat)




Signal strength modifiers

Scaling of production (i) or decay (f) of the SM Higgs boson as:

U =——- qu —
| (Gi)SM (Bf)SM

The combined signal strength modifier is measured to be

u = 1.02 £(0.04(th) = 0.04(exp)| £/0.04(stat

With the increasing statistics available from Run-ll, the systematic uncertainties are
becoming the limiting factor for the ultimate precision of the measurements, while
statistical uncertainties are substantially reduced in many decay channels
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Signal strength modifiers

Simultaneous measurement of all the production and decay signal strengths

35.9-137 fb' (13 TeV) 35.9-137 fb™' (13 TeV)
® Observed ® Observed
c M S m— 115 (Stat @ syst) c M S m— +1G (Stat @ syst)
.. +10 (syst) .. +1o (syst)
Preliminary — o Preliminary — )
+20 (stat @ syst) +20 (stat @ syst)
B p,, = 54% B 5 p,,=57%
Y —
llg oH — y ——0——5_
Hyr ——————— i :
R — —
- Vi — =
Mo ——————
' T ——————
i —=— ]
| 1 1 | I | | 1 | i | | 1 | I | | | 1 I 1 1 | | | | | | | 1 | 1 | i | | 1 | I | | 1 | I | | 1 |
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Parameter value Parameter value
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Signal strength modifiers

Measurement of production times decay ,ulffrom combination across decay channels

35.9-137 fb™' (13 TeV)

CM,S_ —— Observed t1c | u combined 1o
Preliminary P, =90% i
YY : | 1§ .
77 : i : |
: I 2 9. ;2 4 ¢ :
WW : . . - 3 .
T —— E -:5— E ° ° .E
ob 2.45"2% E ) %._ 4 _E._
LU ke J' 0.317 gy (3-18?55 ! ) |
O 05 1 15 2 25 0 1 2 3 O 1 2 3 4 5 o 1 2 3 4 5 05005 115 2 25
ggH VBF WH ZH ttH
u
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Signal strength modifiers

Measurement of production times decay ,ulffrom combination across decay channels

All the signal strength measurements (., W, ,ulf )

show good agreement with the expectation for a SM Higgs boson

13




35.9-137 b’ (13 TeV)

c M S ® (Observed
— 110 (Stat @ syst)
Preliminary —— +20 (stat @ syst)
P, =T72%
- | Best-fit
| +0.07
KZ - : 0'96—0.07
| — ; 11133
f +0.11
K, —-.-_ 1.01,
5 +0.12
|I(T| _""_ 0.94 ;5
i +0.19
h(bl _"*— 1.18
E +0.12
hic, | r— 1.167
: +0.09
h(yl —-o-— 1.01°,7,
f +0.55
IKHI | ———— | 0.927, %7
i, —1 2
Parameter value

FH(?): total width of the Higgs boson

[(%): partial width of the decay to the final state f

Coupling modifiers ¥ to parametrize deviations in

HVV and Hff couplings from the SM predictions:

2

_ -/ ~SM 2 i/
K: 0]/0- or Kj—F/FSM

J J
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H boson couplings: k-framework

35.9-137 fb' (13 TeV)

CMS ® (Observed
~ — 1o (stateSySy All the measurements agree with the SM
Preliminary 126 (stat @ syst) . — 1
e expectations (x; = 1)
- Best-fit
Kz —- 0.9675,07
I . ord The «y, best-fit value is negative due to the
W == T -1.11 5 09
el |—|f s interference between tH production diagrams
i f o pCMS 137167 (18TeV)
el - 0943 8 e
i | — 1,189 :j Lol -
i -— 11679
— ! 1:— ,: ," \\\ 'l':: _:
IKHI _..é__ ngﬁgg 00 ;_Observed: —;
PR TR TR S NN SR S S 1 . 0-4:_—68% CLregion ---95%CLregion @ Best fit :
_2 _1 0.2 -+ Stanldard Modlel 1 1 I E
Parameter Va'ue 15 -1 05 0 05 1 1.5



https://arxiv.org/pdf/2011.03652.pdf

35.9-137 b’ (13 TeV)

C M S ® (Observed
+16 (Stat @ syst)
Preliminary — 20 (stat ® syst)
p =72%

Higgs couplings scale with the mass as
predicted by the SM

Run-Il data permit to probe in detail

couplings with 2nd generation fermions

What about the Higgs boson?
What about /1,7

Ratio to SM

35.9-137 fb™' (13 TeV)

— _ t =
= CMS Preliminary wZ .2 C
: o :
[ m,, =125.38 GeV _
I b .- ]
_ v 9 —
: 3 :
! e ¢ Vector bosons :
= 0 ’ ¢ 3™ generation fermions
i ¢ 2" generation fermions
- === SM Higgs boson -
E| I I I I 1 1111 | I I | I I I I | I I | I [ I I | I E
:I I | I I LR | I I LR | I I 1 1T | I ]
ST . N
:I I | I I I 1 1111 | I I | I I I I | I I | I [ I I | I
107" 1 10 10°

particle mass (GeV)
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H boson self-couplin o

Constraint on k;, = 1,/ Aq\; from single-Higgs decay channels via modifications

of the production cross sections and decay widths from NLO electroweak corrections
35.9-137 b (13 TeV)

o) I L L L B ]
Inclusive production and decay rates scale as! 14 CMS g
- Preliminary —— Observed -
BSM 121 N SM Expected B
iy, kg, kp) = Zg (ky) [Si(Ky, kp) + Kpsm(1 — %)) ;
10 -
W (v, 5, 13 ) = S¢(rey, k) + (1x — 1)C/ N
Vs MNEs M) ) — — _
Ya TM (Sa(key, x5) + (k) — 1)C9) ;
6| i
Limits on «, with k;, = k. = 1: 4; —
[—3.5,14.5] @95% CL :
(-5.1,13.7]) ’ °F
e - L T R 0 15 20
Additional scans with ky, or k tloating in backup K,

1: Details on the parametrisation in backup 17
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Simplified Template Cross Section framework

The primary goal of STXS framework is to minimise the measurement dependence on theory
predictions without losing sensitivity

Coverage of the entire phase space and specific regions designed to detect BSM effects

In this analysis STXS bins used to set constraints on Effective Field Theory (EFT) operators

Stage 1.2 _ Stage 1.2 _ = VBF+V(—qq)H

| | |
p7 [0,200] py (200, co] — O-jet || = 1-jet > 2-jet

Dr |

200 ' '
mjj [0, 350] mj [350 OO]

= 0-jet = 1-jet > 2-jet

300 Mjj

[0 200] H 1200, oo

450 60 ' m;;
650 120 |

m;; [0, 350] m;; [350, oo]
H E

o0 ng

350

700

o0 350 '
1000 0.15 0 25p¥jjoo 1000
H
D7 3/p111’ 1500
1500

O
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EFT couplinas |
— | 35.9-137 fb™' (13 TeV)

Extend SM Lagrangian with higher-dim operators in the CMS ? Orenea 9 Orenea tr =0
—t+1o +1c (other cj =0)
HEL' model: Preliminary —izs sz oterc =0
P, =89%
_ 2 B
Lupr = Lav+ )0, fi/ A X 10 SN S
D ] 1N
(CWW—CB)X1O —-e—.——
cdx10 —— _.g.__
¢ x 10 - -9.-
c, x 10 +
c, X 10° ——gg——
c, x 10 —- _.o._;
PR T R N AN TR TR MO WO AN TR TR AN N AN N NN NN l P T T T A T N
. . . 20 15 -10 -5 0 5 10
1: nggs E'H:eCtIVAe Lagranglan Parameter Value
. G H — ZZ,H — yy combined to set limits on CP-even(odd) anomalous couplings (cf. backup) 19




EFT couplings -

35.9-137 fb™ (13 TeV)

‘ CMS
Preliminary
cHWx102_
H — pp and boosted H — bb analyses not considered (CWW"CB)X1°2_
Eight EFT parameters measured simultaneously Cdxm_ T
Parameters related to leading CP-even terms Clxm_ =
Stringent constraints on HEL parameters CAX1O4_
cy X 10°
cux10_ —-

® Observed O Observed (other c = 0)
—t+1o | +1c (other cj =0)

— 120 +20 (other cj =0)

A B B
20 -15 -0

-5 0 5 10
Parameter value

H—- 7Z7,H — yy combined to set limits on CP-even(odd) anomalous couplings (cf. backup) 20



Conclusions

The large statistics collected during Run-Il opens the doors to precision measurements era

e Partial Run-Il datasets used here, full Run-Il analyses are ongoing and will be included in a future study

e Similar statistical and systematic components of the uncertainty, results will soon be limited by latter

Comprehensive characterization of the Higgs boson properties from combination of all decay channels

¢ Signal strength modifiers u = 1.02 £ 0.04(th) £ 0.04(exp) £ 0.04(stat)

e Study Higgs couplings from k-framework measurements and expected scaling with the mass is

observed

® |nterpretation of S

XS measurements in EF

: most powerful constraints on HEL parameters to date

Full Run-ll combination (from CMS and ATLAS+CMS) will enhance the precision of these results...

21



Conclusions

The large statistics collected during Run-Il opens the doors to precision measurements era
e Partial Run-Il datasets used here, full Run-Il analyses are ongoing and will be included in a future study
e Similar statistical and systematic components of the uncertainty, results will soon be limited by latter

Comprehensive characterization of the Higgs boson properties from combination of all decay channels

¢ Signal strength modifiers u = 1.02 £ 0.04(th) £ 0.04(exp) £ 0.04(stat)

e Study Higgs couplings from k-framework measurements and expected scaling with the mass is
observed

® |nterpretation of STXS measurements in EFT: most powertul constraints on HEL parameters to date

Full Run-ll combination (from CMS and ATLAS+CMS) will enhance the precision of these results...

... and possibly unveil new physics!
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Higgs boson production at LHC

q q

qqH, VBF B

& H |
Y — H 102_— —]
> 99 \ pp — H (N3LO QCD + NLO EW) Is= 13 TeV:

“0000000

q

O

Rl [
L

q q

o X BH — WW)=0.8pb
o X BH — 727) = 0.1 pb

LHC NIGGS XS WG 2016

o X BH — WW)=9.5pb E

o X BH — Z7Z) =1.27 pb T 10
S
B

pp — qgqH (NNLO QCD + NLO EW)

PP — WH (NNLO QCD + NLO EW)
pp — ZH (NNLO QCD + NLO EW)

“_—
| PP —bbH (NNLO QCD in 5FS, NLO QCD in 4FS) Q
VH . - )
1072 =
i— I I | I I | I I | I I | I I I —I “H
o X BH —-> WW)=0.5pb 120 122 124 126 128 130
M, [GeV]

o X BH — Z7Z) = 0.06 pb
o X BH—- WW)=0.1pb

o X BH — 7Z7) = 0.01 pb
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The input analyses & categories ..........

Analysis Decay tags Production tags Luminosity (fb~") References
ggH, pr(H) x N+jet bins 77 4 53
H=77 7Y VBF, pr(H jj) bins - [53]
ttH 35.9,41.5 [54], [55]
ggH, pr(H) x N-jet bins
H— 27" — 44 4y, 2e2u /2u2e, de VH hadronic 137 [56]
VH leptonic, p1(V) bins
ttH
H < 2-jets
eu/ue %/%F =)
(%) ee+uu ggH < 1-et
H—- WWY — lvéy e+ VI hadronic 35.9 [57]
3¢ WH leptonic
4/ ZH leptonic
ggH, pr(H) x N-jet bins
VH hadronic 77 .4 [58]
H— 717t
ey,eTy, Ty, TpTh VBF
VH, high-p1(V) 35.9 [59]
W (4v)H (bb) WH leptonic
- Z(vv)H(bb), Z(££)H(bb)  ZH leptonic 33.9,41.5 [60], [61]
bh ttH, tt — 0, 1, 24 +jets 77 4 [62]
ggH, high-pr(H) bins 35.9 [63]
ttH production 20ss, 30,4/,
with H — leptons 14427, 2¢ss+171y, 3¢+1T1}, ttH 59.9,41.5 [64], [6]
H — uu n getl 35.9 [66]

VBF

25




Luminosity (fb-1)

References

CMS-PAS-HIG-18-029
CMS-PAS-HIG-18-018

CMS-PAS-HIG-19-001

Phys. Lett. B 791 (2019) 96

H— yy 77
H- Z7% - 4¢ 137
H—-> WW 36

H — bb 36 (ggH) - 77 (others)
H - 77 77
ttH multilepton 77
H — uu 36

Phys. Rev. Lett. 121, 121801 (2018)
CMS-PAS-HIG-18-030
Phys.Rev. Lett. 120, 071802 (2018)

CMS-PAS-HIG-18-032
JHEP 06 (2019) 093

CMS-PAS-HIG-18-019

Phys. Rev. Lett. 122, 021801 (2019)



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-018/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-042/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-030/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-019/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-019/index.html

Signal strength modifiers

Production y;

Uncertainty
Parameters  Best-fit Stat. Syst.
+0.09 +0.05 +0.08
U o] 1.04Z 0 —0.05 —0.07
58 +0.09 +0.05 +0.07
—0.08 —0.05 —0.07
+0.19 +0.16 +0.10
UNRE 0.752417 —0.15 —0.08
+0.20 +0.17 +0.11
—0.19 —0.16 —0.10
jl46+037 +0.29 +0.22
UWH —0.35 —0.28 —0.21
+0.35 +0.29 +0.20
—0.34 —0.28 —0.19
+0.31 +0.26 +0.17
Uty 0.98 3 —0.25 —0.16
+0.30 +0.25 +0.17
—0.29 —0.25 —0.15
1.1 4+O.21 +0.13 +0.17
e —0.20 —0.13 —0.15
+0.20 +0.12 +0.15
—0.18 —0.12 —0.13

Decay u/
Uncertainty
Parameters  Best-fit Stat. Syst.
1.0710-12 +0.08 +0.08
‘u’)”)’ —0.10 —0.08 —0.07
+0.11 +0.08 +0.07
—0.10 —0.08 —0.06
+0.10 +0.07 +0.07
y 27 0932000  Zo07.  ~0.06
+0.11 +0.08 +0.07
—0.10 —0.07 —0.06
1.2010-16 +0.09 +0.13
‘uWW =Y —-0.15 —0.09 —0.12
+0.14 +0.09 +0.11
—0.13 —0.09 —0.10
+0.17 +0.10 +0.14
utT 0.80Z¢16 —0.10 —0.13
+0.18 +0.10 +0.15
—0.17 —0.10 —0.14
1.11719-20 +0.13 +0.16
Jbb —0.19 —0.13 —0.15
+0.20 +0.12 +0.15
—0.19 —0.12 —0.14
+1.29 +1.28 +0.22
Ut 090775 —1.27 —0.13
+1.27 +1.25 +0.24
—1.26 —1.26 —0.06

LU
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Signal strength modifiers

Decay Production Process
mode goH VBF WH ZH ttH
Uncertainty Uncertainty Uncertainty Uncertainty Uncertainty
Best-fit  Stat. Syst. | Best-fit Stat. Syst. | Best-fit Stat. Syst. Best-fit Stat. Syst. | Best-fit Stat. Syst.
H-bb 245 23 55 0% - 127 Toa Tom Tozs | 093 Tom Yoz Towr [113 Toz Toie Tozs
(Frss) (Fo1) (Fo3) ~ (Yo41) (Fo3) (Fg26) (To31) (Fo26) (Fo17)|  (Foza) (Foe) (Fo2s)
H-tr 1039 Ty Tone Zoas [L05 Zoze Tom Torr P01 sy Ty Towr | 188 iy T Ioss 081 Loy o3 Dok
(Yo36) (o) (ozs)|  (Fomo) ((o2s) (onp)|  (Frao) (F6) (o) (F123) (137) (Toae)| (Foiss) (F33) (To36)
Howwlizs 83 B 0% Joss B8 2% Mlss 2W AR 4B | om0 1F AR 2% sy B8 0T 0
(Yo16) Coo) (Fox2)|  (Foss) (Fosz) (Foe)| (i) (rige) (Fos1) (F137) (55e) (o2n)| (o) (Fozs) (Fo23)
H—2Z (098 To11 oo o7 (057 Zo36 To3  Zoos 110 %oz oz ot 025 T525 o35 oo
(*012) (F009) (K009 (o) (o) (27) (*07) (X67) (fo1D) (Yosr) Coer) (F02)
H—oy 109 Do Ton Zoos (077 029 027 oo - - 162 Y033 0w 014
(£013) (1) Cog)|  (F836) (03 (o) - - (Yo35) (F035) (o)
H—pp 031 T T Tox 318 175 T Toze - - -
(5179 (57%) (o) (Fs8) (F78s) (Cids) - - -

28




H boson couplin

Coupling modifiers «;

Uncertainty
Parameters Best-fit Stat. Syst.
096007 Tooe. 005
"z +0:08 -I-O:O6 +0.05
(—0.08) (—0.06) ( 005)
1 11+0.14 +0.13 +0.05
W C(fo00)  (+007\  (+006
(i0209) (f0107) (+0 06)
1.014—0.11 +0.06 +0.09
g ol .
(fo10)  (%5) (“3) ['(K): total width of the Higgs boson
094%1; o Tooe
K — U. — V. -
t +0.12 +0.08 +0.09
(—0.11) (—0.07) ( 008) Ff —_ . . ‘ d h -I: h d h f ‘
) 1187019 014 401 (K): partial width of the decay to the final state f
b (+0.17) (+0.13) (+0 11)
o2 r008 008 -y
K 1167011 Toos Toos Coupling moditiers ¥ to parametrize deviations in
g (£835) (13%) (88%) . .
Lo1r0m ow oo HVV and Hff couplings from the SM predictions:
5 (3%) (9%) (%)
0 = 2 SM 2 TV /TY
., 09250 b K. = oilo; kr =TT
+0.52 +0.51 +0.08
(—0.96) (—0.95) ( 008)
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Extract i, . (K,

UN LO 1 + KACI + 5ZH

oS> (1= (= 1)62) (1+Cy +62)

/ =

1—‘ZZ —_ Ftot
» BR(H — 77) L+ (k;— 1) Clw
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Extract /. . (K,

NLO
MPrOd (K,p Cl) _ 0 _ 1 +x,C, + 0Zy
oS> (1= (= 1)62) (1+Cy +62)

f C1 [%) v | ZZ | WW | ff | g9
//t p— /“ti )(/,tf on-shell H | 0.49 | 0.83 | 0.73 0 0.06

Clw =) BRMC(j) =25x 107

/

J
1—1ZZ_ Ftot
Fﬂ) _BRH—22) (= 1) <C1 G, )

BR(H —> ZZ) | 1 + (K/1 — 1) Clrtot
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Extract /i : (K, LM

rOd UNLO 1+K/1C1 +5ZH
P 0 C1) = =5 =

N\

1 6Zy = —1.536 x 1072
3

f f *
3 1\Pn) = 2
‘ﬂo‘ Depends both on the H
\ boson production mode
and on the kinematics
1—‘ZZ Ftot
decay< r ) BR(H — Z7) | (K,1 — 1) (C1 - )
K 22 ) = =14
8 O BR(H — 77) 1+ (1, — 1) CJ =
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Compute C,(p,) Bt

While 6Z; is a universal quantity, C;(p,,) is process and kinematics dependent
e MadGraph5 dedicated hhh-model and reweighing tool available

e (Generate LO events (for each prod. mode) and reweigh to take into account NLO EW corrections

» Extracted on an event-by-event basis: C| = XSECp(1,)/XS€CL0

CMS Private work CMS Private work
- [ = 0.16
o B o
2 o014 ttH < — tH;
S "t S 014
© - ©
— LO — LO
E 012 Q L
= —  O(A3) = 012 — O(A3)
010r 010
—
0.08 |~ 0.08 -
0.06 1~ 0.06 |-
0.04 :— — I_I 0.04 | N
eE I_|—I|:.|_‘—\— et %
] | | | | ] | | | | ] | | | | ] | | | | ] | | | | ] | | | | ] ] | | | | ] | | | | ] | | | | ] | | | | ] | | | | ] | | | | ]
S ok Felusive |_|_|—|_|_|_ O 0.005F — Inclusive
| —— Differential L —— Differential '_,_,—I
0.00 B ] | | | | ] | | | | ] | | | | ] | | | | ] | | | | ] | | I T ] 0.000 = ] | | | | ] | | | | ] | | | | ] | | | | ] ] | ll_'Tl ] | | | ]
0 100 200 300 400 500 600 0] 100 200 300 400 500 600
pr(H) [GeV] pr(H) [GeV]
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H boson self-couplinc

Constraint on k;, = 1,/ Aq\; from single-Higgs decay channels via modifications
of the production cross sections and decay widths from NLO electroweak corrections

35.9-137 fb' (13 TeV) 35.9-137 b (13 TeV)

L|_ 1_3_[ | I L I | L L I L I L I L I | l— 16 > 1.4_] L I | L I | L I L I L I | L L | | I_ 16
~ - CMS Preliminary + Bestfit - a - CMS Preliminary + Bestfit - Q
i —68%CL 1 114 5 —68%CL 1 144
1.2 Ky =1 ----95% CL 1.3 K¢ =1 -95% CL  —
B ¢+ SM _ B ¢+ SM )
I 1 —12 ] —12
1.1 - 1.2
[ 1 —110 [ —10
1 1.1 -
0.9 1 —
N - ] 184
0.8 - 0.9F -
i - ] 1 2
07_I | 1 1 | | | I I T | I | I | | 11 1 | | I T | 1 I_ 08_1 | I | I I | I | | | I | | 1 1 1 I | I I | | L1 l— O
10 5 0 5 10 15 20 210 5 0 5 10 15 20

Ky,

A
>
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( N A
\ H\\.,Ur )

H boson self-couplin o

Constraint on k;, = 1,/ Aq\; from single-Higgs decay channels via modifications
of the production cross sections and decay widths from NLO electroweak corrections

Assumption Best fit x v 95% CL interval
6.7125

(*53)

6.1
10.375,

(+55)

45
6.61L6.1

+8.-
—4(
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LU

Simplified Template Cross Section framework

he primary goal of STXS framework is to minimise the measurement dependence on theory
predictions without losing sensitivity

Coverage of the entire phase space and specific regions designed to detect BSM effects

Cross section measurements in pre-detined bins;
Granular description of the Higgs boson production mechanisms;

Minimisation of the theory dependence in the measurements;

Directly target BSM topology: Stage 1.2 has more bins at pTH>200GeV tor ggH;

Shared among all the analyses: more suitable for combination and comparisons.
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STXS region (stage 0)

STXS region (stage 0) A;
gg — H 8.73 x 103 c¢
qq — Hqq 9.02 cyyw + 0.6 cg — 0.797 cyw + 0.399 ¢ 4
qq — Hév 42.5 cyw +19.9 cyw
qq — HeL 36.6 cyw + 10.5¢c5 + 15 cyyw +5.14 ¢y
gg/qq — ttH 295¢, +115¢g

gg — H 1.95 x 107 ¢2
171 cpy? + 342 cz? + 114 cyy? + 0.874 ¢4 + 23.1 ¢y cp +
qq—)qu 233 Cww Cyw + 6.22 Cww€a + 15.3 CgCyw -+ 2.02 cgCyp +
0.681 Cuw Ca
qq — H{v 912 wa2 + 558 CHW2 + 1.3 x 103 Cww Cuw
qq — HLL 602 cpyw? + 51.7 cg? + 321 cyyw? + 10.7 ¢, + 350 cpypcp +
772 Cww Cyw - 102wa Ca + 227CB Cyw +314C3 Ca +297CHW Ca
2 2 2 2 4 2
g¢/qq — ttH 214 ¢, ° + 6.13 cpypy” + 1 cp” + 5.87 cyyw” + 297 x 10% ¢~ +

167 CyuCo — 0.31 Cww Cp +11.9 Cww Caw — 0.318 CeCyw

STXS Stage 1.0 and Stage 1.1 parametrizations in CMS-HIG-19-005
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https://cds.cern.ch/record/2706103/files/HIG-19-005-pas.pdf?version=1

Limits on EFT parameters

HEL Parameters Definition Others profiled Fix others to SM

153 FI.I1

c. X 10% C, = My fa —1.03%3 59 —0.7817716
A AT g7 A (+1.59) (+1.10)

—1.56 ~1.11

+3.20 +1.05

ce x 10° Cr — My fo 1.43737% 0.27" 105
G g2 A (+3.13) (+1.o3)

—2.74 ~1.01

+0.82 +0.69

c. x 10 o — _2fu 0.687 g3 0.437569
’ y A? (+0.83) (—I—O.68)

—0.79 —0.67

+1.03 +0.31

c; x 10 co— 2 fa 0.5971713 —0.01%52
4 A2 (+1.08) (+0.3o)

—1.05 —0.28

+0.74 +0.60

Cy X 10 Cr = _UZE _0'57—0.73 —0 75—0.64
f A2 <+O.72) (+0.58)

—0.77 —0.60

+4.72 +0.84

Cornr X 102 Corrrr — My fuw —1.457 573 0.77 1%
HW HW ™ 2¢ A2 (+3.93) (+1.04)

—3.27 —1.38

+2.84 +1.06

(CWW - CB) X 102 C p— m%’v fWW Co = zm%’V B 2 16—535 O 62—122
WW ™ ¢ A277E g A2 (+3.46) (+1.09)

—5.00 ~1.23
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Correlations of EFT parameters

CMS Preliminary ~ 35.9-137 o' (13 TeV)

c,x 10 0.42 0.03 -0.02 0.37 0.29 -0.30

O .08 - 0-50 '0-54

-0.32 -0.09 -0.03

5
ch10

c, x10' [ 0.03  -0.01 -0.32

c¢x10 | -002 008 -0.32 0.19 -0.15 0.28 -0
--0.2
c,x10 | 0.37 -0.32 -0.60
+1-0.4

(¢, ~C)Xx10°| 029 = 050 -0.09 -0.15 0% 1 gg
c.,x10°| -0.30 -054 -0.03 0.23 ——0.8
- -1

¢, x 10
Cy X 10°
c, x 10°
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Correlations of EFT parameters

c,x 10

Large correlations due to
the limited differential **'°
information for VH ¢ xio°
production

c,x10
c,x10

(c,. —Cg)x10

Ww

2
cwa1O

CMS Preliminary

0.42

0.03

0.42 -0.01

0.03 -0.01

-0.02 0.08

0.37 . -0.32
0.50 -0.09

-0.30 -0.54 -0.03

-0.02

0.08

-0.32

35.9-137 fb™' (13 TeV)

0.37 029 -0.30

B oo o

-0.32 -0.09 -0.03

0.19 -0.15  0.23

-0.60

¢, x 10
Cy X 10°
c, x 10°

c'x10

o ™\
- = =
>
Foox
[29]
I
© O
|
(&)
S —
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Correlations of EFT parameters

CMS Preliminary ~ 35.9-137 o' (13 TeV)

c,x10 0.0 -0.02 0.3
c, x 10° -0.32 -0.3 -0.09
¢x10 | -0.02 0.08 0.19 -0.15 -0
. —_0.2
c,x10 | 0.37 -0.32
1-0.4
(Cpy ~Ca)Xx10° | 0.29 ~ 050  -0.09 106
Large correlations on'c |
, --0.8
coming from small c.x10*| 030 054 -0.03
kinematic dependence = & & 2 2 % % 1
in STXS parametrization N I
E
ity 41

S



14

12

10

14

12

10

35.9-137 fb” (13 TeV)

ottt L

- CMS -

- Preliminary —— Observed -

T Otherc, =0 _

L1 N
-8

5

c;x 10

35.9-137 fb™ (13 TeV)

L U L L

- CMS -

- Preliminary —— Observed -

e Other ¢,=0 _

14

12

10

1 I 1 1 1 ] L I L

CMS

Preliminary

35.9-1

—— Observed

Other C = 0

37" (13 TeV)
1 ] 1 I 1 ] 1

1 l 1 1

l

6

4
ch10

35.9-137 fb™ (13 TeV)
-

14

12

10

cMs

Preliminary

—— Observed

Other C = 0

|O
- e
o

.10.

Crw X 10°

42



35.9-137 fb™ (13 TeV) 35.9-137 fb™ (13 TeV)
O _""I | | L L L O Pt | "I""I"_
14 CMS - 14 CMS -
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1 ] 1 1 I ] 1 | ] ] | ] 1 | I | ( || | elV) CMS 137 fb-1 (13 TeV) 10 J
I — Observed -~ Expected -
9 —
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https://arxiv.org/pdf/2104.12152.pdf

Htt couplings & EFT interpretation
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